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Introduction
Olive (Olea europaea L.) is one of the main Medi-
terranean crops, playing an important role in the so-
cio-economic life of the region since ancient times
(Fernández-Zamudio & De Miguel, 2006). By endu-
ring the summer water stress and high temperatures
characteristic of this region, olive trees can be esta-
blished in the less valuable soils – less fertile, rugged
or steeper soils (Rühl et al., 2011), which enhances the
landscape value of olive orchards. Traditional olive
production is based on low tree densities (about 100
trees ha–1) and weed control via soil tillage, to ensure
the productivity in the Mediterranean limited rainfall
environment (Gómez et al., 2009b). However, besides
reducing biodiversity, this practice has had serious im-
pact on runoff and erosion patterns (Francia-Martínez
et al., 2006; Mas et al., 2007; Zuazo et al., 2009). Sin-
ce the advent of residual herbicides, no-tillage systems
using herbicides to control weeds have been tested as
alternative to conventional tillage (Gómez et al., 1999),
but herbicide application also causes severe problems
regarding biodiversity and soil and water quality (Mas
et al., 2007; Gómez et al., 2009b; Alcántara et al.,
2011). To overcome the aforementioned problems the
use of cover crops was recognized as a simple and 
feasible practice in olive orchards (Francia-Martínez
et al., 2006; Gómez et al., 2009a,b; Zuazo et al., 2009;
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Abstract
The combined impact of soil tillage intensification and expansion of olive farming is resulting in soil degradation
and biodiversity decline. We hypothesized that, instead of tilling, mowing to control the natural vegetation in spring
can increase biodiversity and improve soil quality. We compared the effects of natural vegetation mowing (NVM) with
those of tillage (NVT) on plant community composition and cover, soil water content and resistance to penetration,
and olive yield over an 8-year period, in a Mediterranean rainfed olive orchard. NVM had an average of 28 more species
and showed a strong positive correlation with Poaceae and Fabaceae, and also with geophytes and hemicryptophytes.
In contrast, NVT was negatively correlated with species richness and diversity, with perennial life forms, and positively
correlated with Convolvulaceae. Proportions of grass and straw cover in spring were higher in NVM from the beginning
of the study (average difference was about 20%). In autumn, grass cover became higher in NVM than in NVT from
year five (13% more) and straw cover from year two (30% more). Olive production did not differ between treatments
in any of the years. Soil water was higher in NVM, at both soil depths, particularly in mid-summer and after the first
autumn rains (1 to 2%). Soil resistance to penetration was 1 Mpa higher in NVM than in NVT. As compared to
conventional tillage, natural vegetation cover mowed in spring seems to be an effective management practice to improve
the overall rainfed olive orchard biodiversity and soil quality, without affecting production.
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Ramos et al., 2010). Yet, although consistent with soil
and water conservation, this method still reduces plant
diversity and is somehow difficult to implement due
to technical problems, namely the choice of the cover
crop and the correct killing date to avoid water com-
petition (Gómez et al., 2009a).
Olive cropping is nowadays a profit-increasing ac-
tivity and the area occupied by olive orchards is ex-
panding to meet the growing olive oil demand. More-
over, profit maximization in the short-run dictates too
often the management system choice, like the intensi-
ve and super-intensive production, where competition
between trees and weeds for water uptake is reduced
through intensive tillage (Francia-Martínez et al.,
2006; Metzidakis et al., 2008). These land-use practi-
ces worsen soil degradation and water scarcity, the
most limiting factor for crop production in the Medi-
terranean region (Zuazo et al., 2009; Ramos et al.,
2010). Intensification also results in decline of agro-
ecosystems plant diversity that is detrimental to the
overall ecosystem equilibrium (Storkey et al., 2012).
Plant diversity enhances wildlife food and shelter avai-
lability (Potts et al., 2006; Nekhay & Arriaza, 2009)
and maintains pest natural predator populations, hen-
ce diminishing the need for pesticides (Solomou &
Sfougaris, 2011; Paredes et al., 2013). It is also one of
the most relevant factors to enhance soil stability (Pohl
et al., 2009), foster microbial and fungal community
richness and functional diversity, and thus N minera-
lization rates (Zak et al., 2003; Lamb et al., 2011). The-
refore, promoting plant diversity should be regarded
as an important issue in the development of sustaina-
ble agriculture.
Although to crop with the appropriate soil, water,
and biodiversity conservation techniques is imperati-
ve, regarding olive orchards, neither the old nor the
more recent farming systems paid enough attention to
biodiversity conservation (Calatrava-Leyva et al.,
2007). Even research efforts have been mostly focu-
sed on the effects of management techniques on soil
properties and quality, overlooking the need to preser-
ve biodiversity. We hypothesized that, instead of ti-
lling, mowing to control the natural vegetation of oli-
ve orchard in spring can increase biodiversity and
improve soil quality, without negative effects in pro-
duction. In this context, we compared the effects of ti-
llage with those of mowing on plant diversity and co-
ver, soil water content and resistance to penetration,
and olive production, over an 8-year period, in a Me-
diterranean rainfed olive orchard.
Material and methods
Study site
The study was conducted between 2000 and 2007
in an experimental 5-ha rainfed olive orchard (cv. Co-
brançosa) planted in 1991 and located at the Herdade
dos Lameirões (38° 6' 16" N, 7° 13' 40" W; 178 m a.s.l.;
Moura, Southeast Portugal).
The area has the typical winter wet, summer dry 
pattern of the Mediterranean-type climate. Average 
annual precipitation recorded during the study period
was 486 mm and average annual air temperature was
16.6°C (for 1951-80 annual rainfall was 664.6 mm and
annual temperature was 15.4°C; INMG, 1991). Sum
of precipitation from June to September (the period
between fruit setting and fruit maturation) was 8.6,
81.7, 52.7, 40.9, 33.8, 7.2, and 76.7 mm in 2000, 2001,
2002, 2003, 2004, 2005, and 2007, respectively 
(56.4 mm for 1951-80; INMG, 1991). These measures
were recorded in a meteorological station (Estação Me-
teorológica da Herdade dos Lameirões) located in the
study area, ca. 1 km away from the study plots. The
soil is a Calcaric-Vertic Cambisol (Chromic), i.e., a
red soil with incipient soil formation, with carbonates
and a high clay content that causes soil cracking un-
der lowering soil water content (WRB, 2006), with a
fairly even slope (around 6%).
Experimental design
In the study orchard a two-treatment, completely
randomized design, was used to evaluate the effects of
the soil management system. Although the develop-
ment of natural herbaceous cover was allowed in all
plots until spring, two different soil management
systems (treatments) were applied by then to control
ground flora. Plots hereafter named natural vegetation
tillage, NVT, were tilled with a harrow at 20 cm depth
and plots hereafter named natural vegetation mowing,
NVM, were mowed to the ground, except for a cen-
tral strip to ensure soil seed bank restoration. Plant 
chopped residues were left on soil surface. Among ex-
perimental units assigned to each treatment, eight plots
of 70 × 21 m2 were randomly selected for each soil ma-
nagement system evaluation. Tree spacing within and
between rows was of 3.5 and 7 m, respectively, and
thus each plot had two rows of 20 trees, with three 7 m
wide inter-rows.
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In mid-winter of the fourth study year (2003),
ground flora of both treatments was sprayed with Bi-
Hedonal (MCPA and 2,4 D with 275 g a.i. ha–1 each)
to control forbs and promote grasses.
Sampling procedures
Vegetation sampling
To evaluate the influence of soil management
systems on floristic diversity, three 1 m2 randomized
quadrats were conducted in each plot (24 per treat-
ment). This quadrat size was used because it represents
a compromise between data reliability and time con-
sumption. Before treatments were first accomplished
(spring 2000) and every spring thereafter (from 2001
to 2007, excepting 2006), each plot was surveyed for
plant species composition and abundance. Abundan-
ce of each species was visually estimated from the ver-
tical projection of plant canopies onto the ground 
expressed as a percentage of quadrat area (Mueller-
Dombois & Ellenberg, 1974). Plant nomenclature 
follows Flora Iberica (Castroviejo et al., 1986-2012)
and Nova Flora de Portugal (Franco, 1971, 1984; Fran-
co & Rocha Afonso, 1994-2003). The functional di-
versity of vegetation under the two soil management
systems was evaluated using Raunkiaer (1934) life
form (therophytes, geophytes, hemicryptophytes, and
protohemicryptophytes), morphotype (grasses and
forbs), family, and ecological value (ruderals or cha-
racteristic of ecologically high natural valued commu-
nities after Rivas-Martínez et al., 2002). Additionally,
total green and straw cover was estimated. In autumn,
vegetation was in the initial stage of development, and
thus a broader approach was adopted and surveys we-
re done to family level only. Besides, green and straw
cover and bare soil were also evaluated.
Olive yield was yearly assessed for each treatment
by evaluating the production (t ha–1) of the 40 trees in
each experimental plot (320 trees per treatment).
Soil sampling
Soil water content was evaluated fortnightly in both
soil management systems at 20 and 40 cm depth. Soil
water measurements were taken inside two PVC 
access tubes per plot (16 per treatment), permanently
installed in the inter-row at 0.6 m from the tree trunk,
with a time-domain reflectometry (TDR) probe (Del-
ta-T Devices PR1/4d-02).
Taking into account that olive cropping is made in
autumn, a rainy period, equipment trafficability can be
improved by increasing soil resistance. Thus, to assess
the cumulated effect of treatments on trafficability, soil
resistance to penetration was evaluated in autumn 2004,
after the first continuous rain period (about 70 mm) to
ensure homogeneity in soil water content. Measure-
ments were carried out with an Eijkelkamp Penetro-
logger SN68010022 cone penetrometer, every centime-
ter down to a depth of 80 cm, in one sampling point per
plot located in the middle of the inter-row, summing up
eight measurement sets in each soil treatment.
Data analysis
Data from each set of three quadrats per plot were
pooled into a single sample per plot (summing up eight
samples per treatment) for further analysis. The struc-
ture of vegetation assemblages was analyzed with Pri-
mer v.6 (Primer-E Ltd. Plymouth, UK). Data on plant
species abundance was organized into a species × sur-
veys matrix and species richness (S = number of spe-
cies) and the Simpson diversity index expressed as its
transformed form 1-λ, i.e., the Gini-Simpson diversity
index, was calculated. The Gini-Simpson index varies
between 0 and 1, being 0 when the community is do-
minated by a single species and approaching 1 as di-
versity increases. The species abundance matrix was
then transformed into a resemblance matrix by calcu-
lating the Bray-Curtis similarity index between all sur-
vey-pairs. From this resemblance matrix, a Hierar-
chical Cluster Analysis (HCA) and a Non-Metric Mul-
tidimensional Scaling (NMDS) were generated to de-
tect similarity between plant assemblages. Statistical
significance of differences in species assemblages bet-
ween soil management systems and also among the
formed clusters were assessed with Similarity Analy-
sis (ANOSIM) for 1-way layout (Clarke & Warwick,
2001) (999 permutations, at the significance level of
0.1%). The test value (R) varies between 1, when sam-
ples are completely separated and 0 if there is no se-
paration on the averages between and among samples.
To assess the degree of association between treatments
and functional diversity, descriptive vegetation attri-
butes (main plant families, Raunkiaer life forms, spe-
cies richness and Gini-Simpson index) were projected
on the NMDS ordination diagram, based on signifi-
cant Pearson correlations (p < 0.05) between each at-
tribute and the NMDS axes. Data were arcsin [sqrt (x)]
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transformed before calculating Bray-Curtis similari-
ties and performing NMDS and HCA.
Additionally to analyses of species assemblages in
Primer, the degree of association between individual
species and soil management systems was calculated
using Indicator-Species Analysis in PC-ORD (McCu-
ne & Mefford, 1999). Resulting importance values (IV)
combine information on relative abundance and fre-
quency of species, attaining a maximum (IV = 100)
when all individuals of a given species are restricted
to a class, and all samples from a certain class contain
an occurrence of that species.
Differences in olive production and in green, grass,
and straw percentage cover, species richness, and Gi-
ni-Simpson diversity index between soil management
systems by year were performed with non-parametric
Mann-Whitney tests, using SPSS 18.0 for Windows
(Statistical Package for the Social Sciences). Non-pa-
rametric Mann-Whitney tests were also performed to
compare mean values of soil water content and resis-
tance to penetration.
Results
Plant cover and olive production
Different soil management systems resulted in 
differences in herbaceous community cover and diver-
sity. In spring (Fig. 1a), similar proportion of green
cover was observed in both management systems
across the study years, but in the extremely dry year
of 2005. In this year, with a total precipitation of 
251 mm (annual average of 486 mm during the study
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Figure 1. Mean proportion (%) of green, grass, and straw cover in spring (a) and autumn (b), for
the initial situation (IS), natural vegetation tillage (NVT), and natural vegetation mowing (NVM),
from 2000 to 2007. Bars represent the standard error of the mean (n = 16 for IS and n = 8 for NVT
and NVM). Asterisks indicate significant differences between soil management systems at p < 0.05
(*) and at p < 0.01 (**).
a) b)
period), green cover suffered a pronounced decline in
both management systems, but the values observed in
NVM were significantly higher than in NVT. Grass co-
ver was higher in NVM from 2002, two years after the
onset of treatments, until the end of the study period.
The proportion of soil covered by straw was 
higher in NVM than in NVT in all study years, in-
creasing progressively until a pronounced maximum
was attained five years after treatments beginning, one
year after grass cover peak. In autumn (Fig. 1b), the
proportions of both green and grass cover became sig-
nificantly higher in NVM than in NVT from year fi-
ve. At the end of the study period, grass cover was in-
creased by 1.6 and 2.2-fold in NVT and NVM,
respectively. Cover by straw was higher in NVM, in-
creasing gradually until the third year, while in NVT
almost no variation was observed.
Considering spring weed community of the whole
olive orchard, both mowing and tillage plots included,
there were more dicotyledonous species (77 spp.) than
monocotyledons (25). In terms of Raunkiaer life form,
therophytes were the most numerous life form (72
spp.), followed by hemicryptophytes (19), proto-
hemicryptophytes (7), and geophytes (4). Beyond 
grasses (21 spp.), the most abundant families were As-
teraceae (24) and Fabaceae (9). Nevertheless, while
Asteraceae attained ca. 20% in either of treatments,
Poaceae and Fabaceae abundance in NVM (14 and
35%, respectively) were more than twofold those of
NVT (5 and 11%). Additionally, both species richness
(S) and diversity (Gini-Simpson index) were higher in
NVM across all the study years (Fig. 2).
The Indicator-Species Analysis also provided diffe-
rences between treatments. In NVT only four species
ranked an IV > 50 (Polygonum aviculare L., Anagallis
arvensis L., Lactuca serriola L., and Sonchus olera-
ceus L.), while in NVM the same abundance rank was
shared by 25 species (Suppl. Table S1 [pdf online]).
Furthermore, geophytes (like Ornithogalum narbonen-
se L., Arisarum vulgare Targ.-Tozz., and Arum itali-
cum Mill. ssp. italicum) and hemicryptophytes (like
Rumex pulcher L., Andryala integrifolia L., Foeni-
culum vulgare Miller, Crepis vesicaria L., and Leon-
todon taraxacoides (Vill.) Mérat) were clearly 
associated with NVM, which also supported protohe-
micryptophytes (like Holcus lanatus L.). In contrast,
the more important NVT species did not include pe-
rennial life forms.
The two-dimensional NMDS distribution (Fig. 3) of
sampled plots according to plant species composition
shows a clear separation between treatments (three-di-
mensional NMDS scatterplot, with a stress value of
0.09, is not shown for lack of clarity). This separation
is corroborated by ANOSIM (global R = 0.791, num-
ber of used permutations = 999, signif icance le-
vel = 0.1%). The HCA generated four signif icantly 
different clusters (ANOSIM global R = 0.917, signifi-
cance level = 0.1%) at a similarity level of 46%. The
superimposition of the four clusters on the NMDS or-
dination diagram shows that all NVM plots and the in-
itial situation (IS-00) are assembled together in the sa-
me group. In turn, NVT plots are divided into three
clusters: one formed by NVT-01, NVT-02, and NVT-
07, another by NVT-03 and NVT-04, and the third by
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Figure 2. Mean species richness and Gini-Simpson diversity index in spring, for the initial situation (IS), natural vegetation tilla-
ge (NVT), and natural vegetation mowing (NVM), from 2000 to 2007. Bars represent the standard error of the mean (n = 16 for IS
and n = 8 for NVT and NVM). Asterisks indicate significant differences between soil management systems at p < 0.01 (**) and at
p < 0.001 (***).  
NVT-05. By projecting samples attributes on the
NMDS ordination diagram (Fig. 3) significant corre-
lations (p < 0.05) were found between treatments and
descriptive attributes. NVM showed a strong positive
correlation with species richness (S) and diversity 
(1-λ), Poaceae and Fabaceae, and also with geophytes
and hemicryptophytes. In contrast, NVT was negati-
vely correlated with S and diversity and with the 
overall perennial life forms, and positively correlated
with Convolvulaceae and also with Asteraceae and
Brassicaceae in the initial study years.
The annual olive production generally increased
throughout the study period, in spite of year-to-year
alternation in production observed in both soil mana-
gements, but production was not significantly affec-
ted by treatment (Fig. 4).
Soil physical properties
In the overall, soil water content was higher at 
40 cm than at 20 cm depth, in both management
systems. On the other hand, soil water was higher in
NVM than in NVT, at both soil depths, particularly in
mid-summer and after the first autumn rains (Table 1).
Additionally, autumn values were in average 1.1 to 1.5
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Figure 3. Non-metric multidimensional scaling (NMDS) ordination of Bray-Curtis similarities, based on species composition and
abundance, among sampled plots. Symbols refer to the initial situation (IS, year 2000) and the soil management system (NVT: na-
tural vegetation tillage; NVM: natural vegetation mowing), according to sampling date (2000-2007). Superimposed circles repre-
sent clusters of samples at 46% similarity and vectors represent significant (p < 0.05) descriptive attributes (S: species richness; 
1-λ: Gini-Simpson index; Geo: geophytes; Hemi: hemicryptophytes; pHemi: protohemicryptophytes). The stress value indicates
the ease with which all data points were fitted into two dimensions.
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Figure 4. Olive production (t ha–1) in the initial situation (IS),
natural vegetation tillage (NVT) and natural vegetation mowing
(NVM), from 2000 to 2007. Bars represent the standard error
of the mean (n = 640 for IS and n = 320 trees for NVT and
NVM). Means did not differ significantly (p > 0.462) among
treatments.
times higher than summer values in both treatments
and depths, excepting at 20 cm depth in NVM, which
doubled from the dry season value.
Soil resistance to penetration increased from 1 down
to 18 cm depth in both management systems, but was
signif icantly higher (signif icance ranged from
p = 0.001 to p = 0.03) in NVM than in NVT (Fig. 5).
From 19 cm to 80 cm depth (some data not shown), va-
lues decreased in NVM and no further signif icant 
differences (p > 0.05) were obtained between manage-
ment systems.
Discussion
According to our hypothesis, mowing natural vege-
tation in spring improved the orchard plant diversity
and soil water conservation, without affecting olive
production.
The families Poaceae, Asteraceae, and Fabaceae,
which are among the richest families of the Medite-
rranean flora and the most common in olive orchards
(e.g., Solomou & Sfougaris, 2011), were the predomi-
nant families in both mowing and tillage management
systems. However, a clear effect of soil management
on plant species diversity was observed almost from
the first year of treatment application. A more diver-
se flora was promoted by mowing (NVM) and by the
maintenance of a central vegetation strip for reseeding,
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Table 1. Mean soil water content (%) in natural vegetation tillage (NVT) and in natural vegetation mowing (NVM), from
2000 to 2007, at mid-summer (end of July) after a drought period ranging from 44 to 87 days and in early-autumn after the
first rains (R) ranging from 41 to 164 mm. Standard errors of the means are indicated in parenthesis (n = 8 – 16)
Soil
2000 2001 2002 2003 2004 2005 2006 2007
depth
NVT NVM NVT NVM NVT NVM NVT NVM NVT NVM NVT NVM
NVT/
NVT NVM
NVM
Dry Dry season
days 68 52 76 87 53 60 na 44
20 cm 8.1 8.6 10.8 11.0 10.4a 11.6b 9.5a 10.4b 10.5 11.3 9.12 9.8b na 10.5
a 13.4b
(0.4) (0.4) (2.4) (1.2) (0.8) (0.5) (0.9) (0.5) (0.5) (0.4) (0.6) (0.7) (0.5) (0.7)
40 cm 13.8 15.0 15.7 16.8 15.2 15.1 13.0a 13.9b 17.1a 22.5b 13.6a 14.8b na 17.3
a 19.2b
(0.6) (0.6) (1.9) (2.6) (1.0) (0.9) (0.9) (0.6) (0.6) (1.1) (1.1) (1.6) (0.8) (1.1) 
Early-autumn
R
41 164 58 67 84 72 na na
20 cm 12.5 12.6 23.3a 24.9b 13.1a 15.4b 12.7a 15.8b 18.7a 19.6b 20.2a 22.5b na na na
(0.8) (0.8) (1.2) (1.2) (1.4) (1.6) (1.7) (1.3) (1.8) (1.7) (1.6) (1.6) 
40 cm 13.6 14.2 26.2 26.9 13.7a 16.6b 15.3a 17.6b 25.1 25.7 14.9a 17.5b na na na
(0.8) (0.8) (1.3) (1.1) (1.3) (1.7) (2.0 ) (1.4) (2.0) (2.6) (1.4) (2.0)
Means for the same year and depth with different letters are significantly different (p < 0.05). na: non-available.
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Figure 5. Soil resistance to penetration in natural vegetation til-
lage (NVT) and in natural vegetation mowing (NVM), in au-
tumn 2004. Bars represent the standard error of the mean (n = 8).
as shown by the placement and dimension of species
richness (S) and diversity (1-λ) vectors. In contrast, ti-
llage (NVT) seems to have a detrimental effect on S
and 1-λ in NMDS analysis, particularly in dry years
as suggested by the pronounced decrease observed un-
der tillage in 2005 and also by the separation of this
community (NVT-05) in a single cluster. Results of
cluster allocation in NMDS graph also shows a more
similar and consistent plant species composition in-
between mowed plots (NVM), compared to the three
disperse clusters of tilled plots. Higher biodiversity in
less intensive olive farming and, in contrast, a strong
detrimental effect of tillage were also reported in other
studies (Duarte et al., 2008; Zuazo et al., 2009). Fur-
thermore, the four species that ranked higher IV in
NVT (above 50), were previously reported in associa-
tion with tillage (Verdú & Mas, 2004; Plaza et al.,
2011). On the other hand, some of the more important
species within NVM assemblage (Hordeum murinum
L., Torilis nodosa (L.) Gaertner, Calendula arvensis
L., Lamarckia aurea (L.) Moench, Campanula erinus
L., and Poa annua L.) were reported in association with
mowing (Mas et al., 2007) and other (Lolium rigidum
Gaudin, Aegilops triuncialis L., Medicago spp., Ga-
lium tricornutum Dandy, and Hordeum murinum) with
less intense tillage farming systems (Saavedra & 
Pastor, 1995; Plaza et al., 2011; Solomou & Sfougaris,
2011). Moreover, Galium tricornutum and Anthemis
arvensis L., associated only with NVM, are arable spe-
cies threatened in other European countries (Storkey
et al., 2012). The primary reason for the absence of pe-
rennial life forms among NVT species might be the
destruction of the herbaceous layer by tillage, in-
cluding renewal buds near the ground surface. By 
allowing perennials to resume growth with the fall
rains, in contrast, mowing can promote functional di-
versity, as suggested by the clear association observed
between geophytes, hemicryptophytes, and protohe-
micryptophytes and NVM. Additionally, in accordan-
ce with other studies (Potts et al., 2006), all NVT in-
dicator species were ruderals, whilst NVM also favored
species that, following Rivas-Martínez et al. (2002),
are characteristic of ecologically diverse communities
with a high natural value. Among these, we may em-
phasize characteristic species of meadows (Phalaris
minor Retz, Holcus lanatus, and Leontodon taraxacoi-
des), natural perennial grasslands (Gaudinia fragilis
(L.) Beauv., Ornithogalum narbonense, and Andryala
integrifolia), therophytic grasslands (Vicia lutea L. and
Briza minor L.), riparian wet deciduous woodlands
(Arum italicum subsp. italicum), woods and shrub se-
mi-shaded fringes (Torilis nodosa and Galium minu-
tulum Jord.), and from evergreen oak forests (Arisa-
rum vulgare). The species rich NVM natural vegetation
potentially provides an array of benefits concerning
food and shelter resources to associated fauna and the-
reby enhances fauna diversity (Potts et al., 2006). In-
creased plant diversity can also boost fundamental
ecosystem functions like litter decomposition, due to
the higher diversity of soil decomposers and herbivo-
res, which in turn promote the diversity of other com-
ponents of the soil food web (Zak et al., 2003).
The overall higher NVM diversity was not reflected
in higher total green cover, which would affect or-
chards productivity through competition for water with
the olive trees (e.g., Ramos et al., 2010). In fact, as
compared to spring tillage, mowing did not negatively
affect soil water retention during the dry season of
most study years. This is most probably because 
mowing before the water balance starts to be negati-
ve minimizes soil water use by the vegetation cover
(Alcántara et al., 2011; Ferreira et al., 2013). The trend
to improved soil water conservation observed under
vegetation mowing might be ascribed to the mulch 
effect of plant residues left on the soil surface, which
lowers soil water evaporation under drought (Taguas
et al., 2010; Alcántara et al., 2011). This effect is of
utmost importance in the semi-arid rainfed Mediterra-
nean oliviculture (Zuazo et al., 2009), particularly du-
ring fruit development. The persistence of plant resi-
dues after mowing also had a positive effect on soil
water content in autumn, particularly during the first
rains from the second year. The higher soil resistance
to penetration observed in the upper soil layers under
NVM after the first autumn rains can also be ascribed
to grass and straw increment, as reported by other 
authors (Sainju et al., 2003; Pohl et al., 2009). Impro-
ved resistance to penetration enhances soil trafficabi-
lity during olive harvesting period when the weather
is usually wet (e.g., Pardini et al., 2002). Increment of
plant diversity and grass abundance results not only in
higher straw cover, but also in higher root abundance
and diversity (Gómez et al., 2009a; Taguas et al., 2010;
Alcántara et al., 2011), also enhancing soil stability
and water infiltration and holding capacity (Pohl et al.,
2009) reducing thus soil erosion (García-Fayos & 
Bochet, 2009; Ramos et al., 2010; Gucci et al., 2012).
Under tillage management, on the other hand, the 
higher proportion of bare ground might have affected
soil moisture by reducing water infiltration, as obser-
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ved in other olive orchards (Gómez et al., 2009a; 
Alcántara et al., 2011). Reduction in the infiltration
of rainfall to be used by olive trees can be associated
with sediment and runoff losses that are a significant
source of nutrients loss, thus increasing the risk of 
eutrophication (Gómez et al., 2009a). In contrast, the
increased flow resistance provided by the vegetation
cover dissipates the energy of the surface water, and
both live plants and straw intercept part of the sedi-
ment particles carried by the water (Gómez et al.,
2009a). The higher organic matter input to the soil from
plant debris also improves soil quality and C storage,
reducing runoff, soil erosion, and N leaching from the
soil profile to the surface and groundwater as compa-
red with conventional tillage (Francia-Martínez et al.,
2006; Gucci et al., 2012; Ferreira et al., 2013). Ground
cover vegetation can thus improve ecosystem services
provided by olive orchards, including soil development
and carbon sequestration, mitigating climate change
(Nieto et al., 2013; Rodríguez-Entrena & Arriaza,
2013; Parras-Alcántara et al., 2013; Soriano et al.,
2014). Strong correlations between plant diversity and
soil fertility have been reported by other authors 
(García-Fayos & Bochet, 2009). Thus, rather than
drought, the association of mowing with increased
plant diversity, and also with Fabaceae abundance,
which should have enhanced soil fertility, might ex-
plain the trend to higher production under mowing, in
spite of the observed alternate bearing pattern, charac-
teristic of the olive tree (Fernandes-Silva et al., 2010).
In fact, although yield of cv. Cobrançosa can be affec-
ted by severe drought, high water use efficiency ena-
bles this cultivar to cope with moderate water stress
with an acceptable production (Bacelar et al., 2007;
Fernandes-Silva et al., 2010).
This paper contributes to link biodiversity conser-
vation with sustainable agriculture, preserving eco-
system services like soil and water conservation. Main-
taining natural vegetation cover controlled in spring
by mowing before water shortage is an environment-
friendly management system that should replace con-
ventional tillage in Mediterranean rainfed olive or-
chards. According to our results, this practice can
improve the overall orchard biodiversity and soil wa-
ter conservation without negatively affecting olive
yield. Furthermore, by providing an effective autumn
straw cover, improved trafficability for harvesting is
also expected under natural vegetation mowing. From
an environmentally sustainable perspective, the pro-
posed management option should thus be rewarded 
for conserving agro-ecosystems and preserving land-
scape.
Acknowledgements
This research was supported by the research project
AGRO 266 “Cover crops in olive orchards as an alter-
native to traditional tillage. Comparative assessment
of the practices and their effects”, funded by the Por-
tuguese Government. Acknowledgements are also due
to Paula Matono and Fernando Rei for statistical 
assistance.
References
Alcántara C, Pujadas A, Saavedra M, 2011. Management of
cruciferous cover crops by mowing for soil and water con-
servation in southern Spain. Agr Water Manage 98: 1071-
1080.
Bacelar EA, Moutinho-Pereira JM, Gonçalves BC, Lopes
JI, Correia CM, 2007. Changes in growth gas exchange,
xylem hydraulic properties and water use efficiency of
three olive cultivars under contrasting water availability
regimes. Environ Exp Bot 60: 183-192.
Calatrava-Leyva J, Franco-Martínez JA, González-Roa MC,
2007. Analysis of the adoption of soil conservation prac-
tices in olive groves: the case of mountainous areas in sou-
thern Spain. Span J Agric Res 5: 249-258.
Castroviejo S (Coord), 1986-2012. Flora Iberica, Vols. I, II,
III, IV, V, VI, VII (I/II), VIII, X, XI, XII, XII, XIV, XV,
XVII, XVIII, XXI. Real Jardín Botánico, CSIC, Madrid,
Spain.
Clarke KR, Warwick RM, 2001. Change in marine commu-
nities: an approach to statistical analysis and interpreta-
tion, 2nd ed. PRIMER-E, Plymouth, UK.
Duarte F, Jones N, Fleskens L, 2008. Traditional olive or-
chards on sloping land: sustainability or abandonment? 
J Environ Manage 89: 86-98.
Fernandes-Silva AA, Ferreira TC, Correia, CM, Malheiro
AC, Villalobos FJ, 2010. Influence of different irrigation
regimes on crop yield and water use efficiency of olive.
Plant Soil 333: 35-47.
Fernández-Zamudio MA, De Miguel MD, 2006. Sustaina-
ble management for woody crops in Mediterranean dry-
lands. Span J Agric Res 4: 111-123.
Ferreira IQ, Arrobas M, Claro AM, Rodrigues MA, 2013.
Soil management in rainfed olive orchards may result in
conflicting effects on olive production and soil fertility.
Span J Agric Res 11: 472-480.
Francia-Martínez J, Durán ZVH, Martínez RA, 2006. Envi-
ronmental impact from mountainous olive orchards un-
der different soil-management systems (SE Spain). Sci
Total Environ 358: 46-60.
Plan diversity and soil water in olive orchards 641
Franco JA, 1971. Nova flora de Portugal, Vol I. Edição de
Autor, Lisboa, Portugal.
Franco JA, 1984. Nova flora de Portugal, Vol II. Edição de
Autor, Lisboa, Portugal.
Franco JA, Rocha Afonso ML, 1994-2003. Nova flora 
de Portugal, Vol III (I-III). Escolar Editora, Lisboa, Por-
tugal.
García-Fayos P, Bochet E, 2009. Indication of antagonistic
interaction between climate change and erosion on plant
species richness and soil properties in semiarid Medi-
terranean ecosystems. Global Change Biol 15: 306-318.
Gómez JA, Giráldez JV, Pastor M, Fereres E, 1999. Effects
of tillage method on soil physical properties, infiltration
and yield in an olive orchard. Soil Till Res 52: 167-175.
Gómez JA, Guzmán MG, Giráldez JV, Fereres E, 2009a. The
influence of cover crops and tillage on water and sedi-
ment yield, and on nutrient, and organic matter losses in
an olive orchard on a sandy loam soil. Soil Till Res 106:
137-144.
Gómez JA, Sobrinho TA, Giráldez JV, Fereres E, 2009b. Soil
management effects on runoff, erosion and soil proper-
ties in an olive grove of Southern Spain. Soil Till Res 102:
5-13.
Gucci R, Caruso G, Bertolla C, Urbani S, Taticchi A, Espos-
to S, Servili M, Sifola MI, Pellegrini S, Pagliai M, 
Vignozzi N, 2012. Changes of soil properties and tree per-
formance induced by soil management in a high-density
olive orchard. Eur J Agron 41: 18-27.
INMG, 1991. O clima de Portugal. Normais climatológicas
da região Alentejo e Algarve, 1951-80. Fasc. XLIX, vol
4, Instituto Nacional de Meteorologia e Geofísica, Lis-
boa, Portugal.
Lamb EG, Kennedy N, Siciliano SD, 2011. Effects of plant
species richness and evenness on soil microbial commu-
nity diversity and function. Plant Soil 338: 483-495.
Mas M, Poggio S, Verdú A, 2007. Weed community struc-
ture of mandarin orchards under conventional and inte-
grated management in northern Spain. Agr Ecosyst En-
viron 119: 305-310.
McCune B, Mefford MJ, 1999. PC-ORD for windows (soft-
ware). Multivariate analysis of ecological data, Version
4.14. MjM Software, Gleneden Beach, USA.
Metzidakis I, Martinez-Vilela A, Castro Nieto G, Basso B,
2008. Intensive olive orchards on sloping land: good wa-
ter and pest management are essential. J Environ Mana-
ge 89: 120-128.
Mueller-Dombois D, Ellenberg H, 1974. Aims and methods
of vegetation ecology. Wiley, NY, USA.
Nekhay O, Arriaza M, 2009. Restoration of abandoned agri-
cultural lands toward umbrella species habitats. Span J
Agric Res 7: 375-389.
Nieto OM, Castro J, Fernández-Ondoño E, 2013. Conven-
tional tillage versus cover crops in relation to carbon fi-
xation in Mediterranean olive cultivation. Plant Soil 365:
321-335.
Pardini A, Faiello C, Longhi F, Mancuso S, Snowball R,
2002. Cover crop species and their management in vine-
yards and olive groves. Adv Hortic Sci 16: 225-234.
Paredes D, Cayuela L, Campos M, 2013. Synergistic effects
of ground cover and adjacent vegetation on natural 
enemies of olive insect pests. Agr Ecosyst Environ 173: 
72-80.
Parras-Alcántara L, Díaz-Jaimes L, Lozano-García B, 2013.
Organic farming affects C and N in soils under olive 
groves in Mediterranean areas. Land Degrad Dev. 
doi: 10.1002/ldr.2231.
Plaza EH, Kozak M, Navarrete L, González-Andújar JL,
2011. Tillage system did not affect weed diversity in a 23-
year experiment in Mediterranean dryland. Agr Ecosyst
Environ 140: 102-105.
Pohl M, Alig D, Körner C, Rixen C, 2009. Higher plant di-
versity enhances soil stability in disturbed alpine ecos-
ystems. Plant Soil 324: 91-102.
Potts SG, Petanidou T, Roberts S, O’Toole C, Hulbert A,
Willmer P, 2006. Plant-pollinator biodiversity and polli-
nation services in a complex Mediterranean landscape.
Biol Cons 129: 519-529.
Ramos ME, Benítez E, García PA, Robles, AB, 2010. Cover
crops under different managements vs. frequent tillage in
almond orchards in semiarid conditions: Effects on soil
quality. Appl Soil Ecol 44: 6-14.
Raunkiaer C, 1934. The life forms of plants and statistical
plant geography. Clarendon Press, Oxford, UK.
Rivas-Martínez S, Díaz TE, González FF, Izco J, Joidi J, 
Lousã M, Penas A, 2002. Vascular plant communities of
Spain and Portugal. Addenda to the syntaxonomical 
checklist of 2001. Itinera Geobot 15: 5-922.
Rodríguez-Entrena M, Arriaza M, 2013. Adoption of 
conservation agriculture in olive groves: evidences from
southern Spain. Land Use Policy 34: 294-300.
Rühl J, Caruso T, Giucastro M, La Mantia T, 2011. Olive
agroforestry systems in Sicily: cultivated typologies and
secondary succession processes after abandonment. Plant
Biosyst 14: 120-130.
Saavedra M, Pastor M, 1995. Cobertura de especies gramí-
neas autóctonas en olivar: diseño de una técnica de im-
plantación y manejo. Actas del Congreso 1995 SEMH.
pp: 175-180.
Sainju UM, Whitehead WF, Singh BP, 2003. Agricultural
management practices to sustain crop yields and impro-
ve soil and environmental qualities. The Scientific World
J 3: 768-789.
Solomou A, Sfougaris A, 2011. Comparing conventional and
organic olive groves in central Greece: plant and bird 
diversity and abundance. Renew Agr Food Syst 26: 
297-316.
Soriano MA, Álvarez S, Landa BB, Gómez JA, 2014. Soil
properties in organic olive orchards following different
weed management in a rolling landscape of Andalusia,
Spain. Renew Agr Food Syst 29: 83-91.
Storkey J, Meyer S, Still KS, Leuschner C, 2012. The 
impact of agricultural intensif ication and land-use 
change on the European arable flora. Proc R Soc B 279: 
1421-1429.
Taguas, EV, Peña A, Ayuso JL, Pérez R, Yuan Y, Giráldez JV,
2010. Rainfall variability and hydrological and erosive
642 M. P. Simoes et al. / Span J Agric Res (2014) 12(3): 633-643
response of an olive tree microcatchment under no-tilla-
ge with a spontaneous grass cover in Spain. Earth Surf
Proc Land 35: 750-760.
Verdú AMC, Mas MT, 2004. Comparison of Polygonum avi-
culare L. seedling survival under different tillage systems
in Mediterranean dryland agroecosystems. Acta Oecol
25: 119-127.
WRB, 2006. World reference base for soil resources, 2nd ed.
World Soil Resources Report Nº 103. FAO, Rome, Italy.
Zak DR, Holmes WE, White DC, Peacock AD, Tilman D,
2003. Plant diversity, soil microbial communities, and
ecosystem function: are there any links? Ecology 84:
2042-2050.
Zuazo, VHD, Pleguezuelo CRR, Panadero LA, Raya AM,
Martínez JRF, Rodríguez BC, 2009. Soil conservation 
measures in rainfed olive orchards in south-eastern Spain:
Impacts of plant strips on soil water dynamics. Pedosphe-
re 19: 453-464.
Plan diversity and soil water in olive orchards 643
